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VI—Variations of Rainfall in Northern India during the Sunspot
Period.—Dy A. N. Prarsoy, Iisq., Officiating Meteorological Reporter
for Western India. Communicated by the PRESIDEXNT.

[Reccived October 6th ;—Read November 5th, 1884.)
(With P1. X1.)

Mr. S. A. Hill, in his paper on the ¢ Variations of Rainfall in
Northern India,” published in the Indian Meteorological Memotirs, Vol. I,
showed very clearly the opposition that exists between the variations of
the winter and of the summer rainfall in Northern India during the
sunspot period. For the purpose of bringing forward with greater
clearness the main points of his investigation, he put the actual rain-
fall totals—which, as they stood, showed considerable apparent irregu-
larities—through a simple process of smoothing such as is frequently
adopted in dealing with statistical tables; and, by so doing, eliminated
the apparent irregularities. But it appears to me that the unsmoothed
results present points of interest over and above those that are presented
by the smoothed results ; that, in fact, the apparently irregular variations
are regulated in a very definite manner.

In the table here given, I reproduce the general means of Mr. Hill’s
Tables 1T and IV, together with the smoothed results as he gave them
in the text.

Variations of the Rainfall for each Year of the Eleven Year Cycle
in Percentages of the Local Means.

Winter Rainfall. Summer Rainfall.
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1st —176 | —171 | — 05} + 08} + 36| — 28
2nd — 46 | —136 | + 90| + 127 | + 74 + 53
3rd —9256 | —188 | — 68| + 33| 4+ 98| — 65
4th — 195 | —204 | + 09 ] 4+ 198 | + 126 + 72
5th 170 | — 78 | — 92| + 74|+ 78] — 04
6th +9221 | 4231 | — 10| — 35| — 56 + 21
7th + 654 | +356 | +208 )1 —227 | —1008 1 — 119
8th — 104 | + 157 | —261 1 4+ 56 — 81 + 137
9th +183 | +102 | + 81| —21:0{ —100| —110
10th + 149 | + 49 | 4100 — 36| — 70 + 34
11th —286 | — 149 | —1371 4+ 02| — 06 + 08
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The smoothed numbers of the above table are curved in the accom-
panying diagram (Pl. XT) in thick continuous lines, under the names
“ Winter Rainfall, A” and “ Summer Rainfall, B.” The figures so pro-
duced are identical with the curves given by Mr. Hill in his paper. The
unsmoothed numbers of the above table are in the diagram superposed in
dotted lines upon the smoothed curves. At the bottom of the diagram,
T have reproduced the sunspot curve as given by Mr. Hill.

On inspecting the smoothed rainfall curves, it will be secn that the
winter and the summer curve both agree in showing a single oscillation
during the eleven years of the sunspot period; but they differ in the
character of that oscillation, for, while the winter rainfall is at its maxi-
mum during the year of sunspot minimum, the summer rainfall on the
contrary is then at a minimum. This is the main fact pointed out in
the paper above quoted.

On inspecting the actual figures, however,—the unsmoothed num-
bers in the above table and the dotted curves A and B of the dia-
gram—it will be seen that, besides this eleven yearly oscillation, both
the winter and the summer rainfall show several variations of minor
period such as one might naturally suppose to be accidental ; thus the
winter rainfall shows three distinct maxima, one in the 2nd year of
the sunspot cycle, one in the 7th year, and one in the 9th and 10th, and
shows marked minima in the 3rd, 8th, and 11th years; while the summer
rainfall has maxima in the 2nd, 4th, and 8th years and minima in the 3rd,
7th, and 9th.

It is to these minor period oscillations that I wish in this short
paper to call attention. And, in order that they may present themselves
in a more convenient form for study, I have separated them from the
eleven yearly oscillation by the simple method of subtracting the
smoothed numbers in the above table from the unsmoothed. The
differences are curved in the diagram under the name “ Minor Oscilla-
tions of A and B,” the winter oscillations being given in dot-and-dash
lines, and the summer in simple dotted lines.

Confining attention to these ‘“ minor oscillations ” curves, it will be
noticed that, in those years which at the foot of the diagram are marked
+, and which are years of maximum sunspot, the short period oscilla-
tions in the winter and the summer rainfall are of the same character,
that is to say, that when there is more winter rain there is more summer
rain, and when there is less of the one there is less of the other also.
But it will be seen that, in those years which at the foot of the diagram
are marked —, and which are years of minimum sunspot, the short
period oscillations in the winter rainfall are of opposite character to those
in the summer rainfall, that when there is more rain in the winter there
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is less during the summer, and vice versq. Again, in those years which
in the diagram are marked 4, and which immediately precede the
years of sunspot maximum and minimum, the order above pointed out
obtains only in a slight degree ; in other words, these are years of transi-
tion. .

That these facts are purely the result of accident seems very un-
likely, for they are supported by three other series of concurrent facts ;
which are as follow :—

1st. The plus years begin immediately after the sunspot maxima, and
the minus years begin immediately at the sunspot minimum.

2nd. There are more transition years during the slow descent of the
sunspot curve than during its rapid ascent.

3rd. The oscillations of both the winter and the summer rainfall are
of greater amplitude during the negative years than during the positive.

With reference to the first of the above series of facts, it might be
supposed that, as the minus years begin immediately a¢ the sunspot mini-
mum, so for perfect analogy the plus years should begin immediately at
the sunspot maximum. But this is by no means necessary, for the slight
delay in the coming in of the positive years agrees very well with the
slow descent of the sunspot curve as compared with its rapid ascent.

The main fact which I have pointed out in this paper,—namnely,
that the smaller variations of the winter rainfall are the same in character
as those of the summer rainfall during years of maximum sunspot ; and
opposite in character during years of minimum sunspot,—if it can
be established as a general rule, will be an important one ; for it will
indicate that, whatever be the cause which produces the general opposi-
tion in character between the eleven yearly variations of the winter and
of the summer rainfalls, that cause operates chiefly during the years of
minimum sunspot, and during three years of maximum sunspot it operates
only in a very minor degree, and in two of those years (namely, the st
and 2nd) it probably does not operate at all. By thus limiting the period
during which the cause operates, a valuable point is gained, and a clue to
a knowledge of the cause possibly afforded.

It is also interesting to notice that not only do the rules above in-
dicated obtain qualitatively, but that there is also a near approach to a
quantitaiive relation between the short period oscillations of the summer
and the winter rainfall respectively. The nature of this relation in the
years which I have denoted as positive, namely, in the 1st, 2nd, and 3rd
years of the sunspot cycle, will be seen at once on inspecting the ¢ minor
oscillations ” curve of the diagram. It will be observed that the oscil-
lation which takes place in the two curves during those three years is
not only the same in phase, but is nearly the same in amplitude. The
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fact can be expressed numerically by taking the percentage rainfall as
given in the * Difference ” columns of the above table; when it will be
seen that the winter rainfall of the 2nd year was 16:3 heavier than during
the 1st and 3rd years taken together; while the summer rainfall was
14-6 heavier. The numbers_16'3 and 14-6, which according to this me-
thod are a measure of the excess of the winter and the summer rainfall
respectively during the 2nd year, approach each other sufficiently to be
noticeable.

The nature of the quantitative relation during the negative years,
namely, the 7th, 8th, and 9th, will be best seen by an examination of the
actual rainfall of those years. This, obtained from Mr. Hill’s Tables I (A
and B) and III (A and B), is as follows :—

Winter Rainfall. Summer Rainfall.
Year of the
Cycle.
Hills. | Plains. Mean. | Hills. | Plains. Mean.
. inches. | inches. | inches. | inches. | inches. inches.
1st 17:95 630 12:12 41-81 2636 34-08
2nd 9:58 323 6-40 54:01 34:63 44-32
3rd 16:55 4059 1057 4713 2703 3708
Average of
the three } 9-70 38'49
years.

Dealing only with the mean results, the variations in each year
from the three years’ average are in the case of the summer and the
winter rainfalls respectively as follows :—

7th year. 8th year. 9th year.
Winter + 242 — 330 + 0:87
Summer — 441 + 583 -— 141

Now the poiut to be noticed is that

242 4041 :: 3:30: 583 :: 0:87: 141,
or very nearly so; the winter figures to be in exact proportion should be
2:53, 3:34, and 0'81; but the approach to exactness is sufficiently near
to be striking, and to make one suspect that there has been something

more than chance at work in its production. If this proportion can be
established as a general rule, it will signify that, during the three years
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at, and immediately succceding, the sunspot minimum, an excess of 1 inch
in the winter rainfall is accompanied by a defect of about 1:74 inches in
the summer rainfall, and a defect of 1 inch during winter is accompanied
by an excess of 1'74 inch during summer.

It is not my intention, for the present at least, to seek out the full
meaning of these facts ; indeed, it is scarcely within my province to do
so0, as the investigation is already in more experienced hands than mine.
But the facts forced themselves on my notice, and they scemed of
sufficient importance to justify their publication.

VI1.—Description of a new Lepidopterous Insect belonging to the Hetero-
cerous Genus Trabala.—By F. Moorg, F. Z. 8., A. L. S. Com-
municated by the NATURAL HISTORY SECRETARY.

(Received August 26th ;—Read December 3rd, 1884.)
TRABALA IRRORATA, 1. SD.

¢. Upperside dark olivaceous ochreous-yellow, sparsely speckled
with dark purple-brown scales, which are most numerously disposed
on the exterior border, and sinuously across the inner disc of both
wings and also subbasally across the forewing, as well as on the pos-
terior border of the forewing. Both wings with a discal transverse
zigzag series of large lilacine-grey spots, which are also thickly speckled
with the dark brown scales; forewing also with the posterior border
blotched with lilacine-gray, and with a prominent lilacine-gray spot,
with dark brown speckled border, in the middle of the cell. Cilia en-
tirely yellow.

Underside slightly paler than the upperside; both wings with
the discal zigzag spots as above, the exterior borders less sparsely
speckled with brown scales; a slight brown-speckled sinuous discal band
also on the hindwing; cell-spot indistinct.

Body brighter yellow, and tuft lilacine-white.

Kxpanse 3} inches.

Hap. Mergui. Collected by Dr. J. Anderson, I. R. S.



